ABSTRACT Star-forming galaxies form a sequence in the [O III] λ5007/Hβ vs. [N II] λ6584/Hα diagnostic diagram, with low metallicity, highly ionized galaxies falling in the upper left corner. Drawing from a large sample of UV-selected star-forming galaxies at z ∼ 2 with rest-frame optical nebular emission line measurements from Keck-MOSFIRE, we select the extreme ∼ 5% of the galaxies lying in this upper left corner, requiring log([N II]/Hα) ≤ −1.1 and log([O III]/Hβ) ≥ 0.75. These cuts identify galaxies with 12 + log(O/H) 8.0, when oxygen abundances are measured via the O3N2 diagnostic. We study the Lyα properties of the resulting sample of 14 galaxies. The mean (median) rest-frame Lyα equivalent width is 39 (36)Å, and 11 of the 14 objects (79%) are Lyα-emitters (LAEs) with W Lyα > 20Å. We compare the equivalent width distribution of a sample of 522 UV-selected galaxies at 2.0 < z < 2.6 identified without regard to their optical line ratios; this sample has mean (median) Lyα equivalent width −1 (−4)Å, and only 9% of these galaxies qualify as LAEs. The extreme galaxies typically have lower attenuation at Lyα than those in the comparison sample, and have ∼ 50% lower median oxygen abundances. Both factors are likely to facilitate the escape of Lyα: in less dusty galaxies Lyα photons are less likely to be absorbed during multiple scatterings, while the harder ionizing spectrum and higher ionization parameter associated with strong, low metallicity star formation may reduce the covering fraction or column density of neutral hydrogen, further easing Lyα escape. The use of nebular emission line ratios may prove useful in the identification of galaxies with low opacity to Lyα photons across a range of redshifts.
INTRODUCTION
Low metallicity galaxies may be the primary source of the radiation that reionized the universe. It is likely that many faint and probably low metallicity galaxies were required to supply a sufficient number of photons (Kuhlen & Faucher-Giguère 2012; Robertson et al. 2013 Robertson et al. , 2015 , and ionizing radiation has been detected from galaxies with rest-frame optical line ratios indicative of low metal-licity and high ionization parameter (Izotov et al. 2016; Vanzella et al. 2016) . Until the launch of the James Webb Space Telescope (JWST) enables studies of galaxies in the reionization era, the most effective way to analyze low metallicity sources is through the detailed examination of galaxies at z 3, when most of the strong rest-frame optical emission lines can be observed from the ground.
As the strongest feature in the ultraviolet (UV) spectra of many galaxies, the Lyα emission line is of particular interest: its strength depends on a galaxy's dust content and on the kinematics, column density, geometry and covering fraction of neutral hydrogen, all quantities that are also likely to influence the escape of Lyman continuum radiation (see Dijkstra 2014 for a recent review). However, the relative importance of these properties in setting the strength of Lyα emission is still uncertain.
Low metallicity galaxies at z ∼ 2 that have been studied in detail typically have very strong Lyα emission (rest-frame Lyα equivalent width W Lyα 50Å; Erb et al. 2010; Stark et al. 2014 ), but galaxies with high Lyα equivalent widths span a wide range in mass and can be old or dusty (e.g. Kornei et al. 2010; Hagen et al. 2014) . Most Lyα-emitters (LAEs, defined as having W Lyα > 20 A and usually selected via their Lyα emission) are fainter and lower in mass than galaxies selected via broad-band continuum colors (Gawiser et al. 2006; Guaita et al. 2011; McLinden et al. 2014) , and these mass and luminosity differences between samples complicate efforts to determine the primary factors influencing Lyα emission. A useful technique is therefore the comparison of matched . We also show the KBSS parent sample of Steidel et al. (2014) with red diamonds and Green Pea galaxies from Henry et al. (2015) with green circles. Grey contours show local galaxies from the Sloan Digital Sky Survey, and the black dashed line shows the maximum starburst line of Kewley et al. (2001) . The inset panel shows a closeup view of the extreme region for clarity.
(in stellar mass or continuum magnitude) galaxy samples with and without Lyα emission; using this method, Kornei et al. (2010) found that Lyα-emitting galaxies at z ∼ 3 are less dusty but older than comparable galaxies without Lyα emission, while Hagen et al. (2016) recently found no statistically significant differences between Lyα-selected and [O III]-selected galaxies of the same masses at z ∼ 2.
Because high redshift LAEs are faint, few have measurements of metallicity, ionization parameter, or other properties relying on the detection of weak nebular emission lines. Those measured tend to be at the bright end of the distribution, and generally have low metallicities, high ionization parameters, and little dust Song et al. 2014 ). This appears to be true in the local universe as well: low metallicity galaxies with high equivalent width optical emission lines (the "Green Peas, " Izotov et al. 2011 ) have strong Lyα emission (Henry et al. 2015) , while Cowie et al. (2011) find that LAEs have lower metallicities, bluer colors, and higher Hα equivalent widths than galaxies with similar UV continuum magnitudes but without Lyα emission.
In this paper we examine the Lyα properties of a sample of galaxies at z ∼ 2 selected to have extreme ratios of rest-frame optical emission lines. We identify galaxies lying in the upper left corner of the Baldwin et al. 1981) , which represents the low metallicity, high ionization end of the star-forming sequence. We then use the remainder of the parent sample as a comparison sample for the extreme objects; relative to the extreme sample, this comparison sample has less extreme line ratios but approximately similar masses and continuum magnitudes.
We describe our data and sample selection in Section 2. In Section 3 we discuss the rest-frame optical emission line properties of the galaxies in the sample, and we quantify their Lyα emission in Section 4. We summarize and discuss our results in Section 5. We assume a Chabrier (2003) initial mass function and a cosmology with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7 throughout.
DATA AND SAMPLE SELECTION
The galaxies discussed in this paper are drawn from the Keck Baryonic Structure Survey (KBSS; Steidel et al. 2004 Steidel et al. , 2014 , for which objects are initially selected via rest-frame UV color criteria designed to identify starforming galaxies at redshifts 2 z 2.6. The parent sample for this work consists of 315 galaxies in the redshift range 1.95 z 2.65 for which measurements (or upper McLean et al. 2010 McLean et al. , 2012 on the Keck I telescope. An earlier version of this parent sample, with 219 galaxies, was described in detail by Steidel et al. (2014) , and we refer the reader to that paper for details of the MOSFIRE observations and data reduction.
For this work, we select the extreme Figure 1 ). These thresholds are motivated by the general position of the extreme galaxy Q2343-BX418 in the BPT diagram, as we wish to identify similar objects.
Fourteen galaxies with redshifts 2.17 < z < 2.47 and mean (median) redshift z = 2.30 (2.30) fall in this region of the diagram, including seven objects with 3σ upper limits on [N II] emission such that log ([N II]/Hα) ≤ −1.1. We refer to these 14 galaxies as the extreme sample, and the galaxies and their rest-frame optical emission line properties are listed in Table 1 .
Most of the rest-frame UV spectroscopic observations of the 14 extreme galaxies were obtained prior to the MOSFIRE observations, using the the Low Resolution Imaging Spectrometer (LRIS, Oke et al. 1995; Steidel et al. 2004 ) on the Keck I telescope. LRIS observations and data reduction are described by Steidel et al. (2004) .
Eight of the 14 galaxies (Q0100-BX239, Q0142-BX165, Q0207-BX74, Q0207-BX87, Q0207-BX144, Q0821-BX102, Q0821-BX221, and Q1700-BX711) were observed with the LRIS-B 400-line grism, offering spectral resolution of ∼ 500 km s −1 , while the remaining 6 (Q1217-BX164, Q1700-BX553, Q2206-BM64, Q2343-BX418, Q2343-BX460, and Q2343-BX660) were observed with the 600-line grism, providing ∼ 300 km s −1 resolution. Most of the objects were observed with the standard KBSS integration time of 3 × 1800 seconds, but Q1700-BX553, Q2343-BX418, Q2343-BX460, and Q2343-BX660 were placed on masks that received between 5 and 11 hours of integration. Because of the varying integration times, the rest-frame UV spectra of the extreme subsample vary widely in S/N; for this reason, we focus here on the Lyα properties of the galaxies, the only feature that can reliably be measured in the full sample. A more detailed analysis of the extreme objects with high quality rest-frame UV spectra will be presented separately.
INFERENCES FROM REST-FRAME OPTICAL EMISSION

LINES
As shown in Figure 1 , the extreme sample lies in the upper left corner of the BPT diagram. The 14 extreme galaxies have mean (median) stellar mass 6.2×10 9 (4.0 × 10 9 ) M , and mean (median) dust-corrected Hα star formation rate 36.6 (27.8) M yr −1 (see Table 1 ; star formation rates are calculated assuming the Kennicutt (1998) relationship between SFR and Hα luminosity). Their median rest-frame UV absolute magnitude is M UV = −20.66, indicating that these are L * galaxies; Reddy & Steidel (2009) find M * = −20.70 at z ∼ 2, and all of the extreme objects are within ∼ 1 mag of this value.
We show several other galaxy samples in Figure 1 for comparison. The z ∼ 2 KBSS parent sample of Steidel et al. (2014) is shown in red. With the extreme galaxies excluded, the KBSS galaxies are similar to the extreme sample in mass and SFR, with a somewhat higher mean (median) mass of 2.0 × 10 10 (9.7 × 10 9 ) M and slightly lower mean (median) SFR of 36.1 (23.6) M yr −1 . Stellar masses are computed by modeling the spectral energy distribution from the rest-frame UV to near-IR, with broadband magnitudes corrected for the contribution of nebular emission lines. We use the Bruzual & Charlot (2003) stellar population models with solar metallicity, the Calzetti et al. (2000) extinction law, and assume a constant star formation history; detailed descriptions of the modeling procedure and discussions of the systematic uncertainties associated with these choices are given by Shapley et al. (2005) and Reddy et al. (2012) .
We also show ten local "Green Pea" galaxies in green (Henry et al. 2015) , and contours showing the locus of Sloan Digital Sky Survey galaxies in grey. The Green Peas are drawn from the SDSS, with selection based on very high equivalent width rest-frame optical emission lines (Cardamone et al. 2009; Izotov et al. 2011 ). The ten Green Peas shown are somewhat lower in mass and SFR than the extreme z ∼ 2 sample, with median stellar mass and SFR 1.0 × 10 9 M and 15.2 M yr −1 respectively. The extreme sample lies in a region of the BPT diagram in which there are relatively few local galaxies; however, six of the ten Green Peas fall within the extreme selection box, and only one is > 0. We estimate the metallicity of the extreme galaxies using the O3N2 indicator proposed by Pettini & Pagel (2004) , which Steidel et al. (2014) show to be in reasonable agreement with metallicities derived from the T e method (using the O III] λλ1661,1666 auroral lines) for three of the galaxies in the extreme sample. This calibration has the advantage of using only closely spaced pairs of emission lines, and is therefore insensitive to uncertainties in band-to-band calibration or reddening; however, because we report 3σ upper limits on [N II] for half of the sample, we determine upper limits on metallicity for 7/14 galaxies.
If we count upper limits as detections, the extreme sample occupies a narrow range in metallicity, with 12 + log(O/H) ranging from 7.85 to 8.12 and mean (median) oxygen abundance 8.03 (8.06). For comparison, the z ∼ 2 sample of Steidel et al. (2014) , not including the 14 extreme galaxies, has mean (median) O3N2 metallicity 8.29 (8.27), again counting [N II] limits as detections.
The metallicities of the extreme z ∼ 2 sample are very similar to the T e -based metallicities of the Green Pea comparison sample, which range from 7.86 to 8.17 and have an identical mean of 8.03 (Izotov et al. 2011; Henry et al. 2015) . We use this Green Pea sample to assess the reliability of the O3N2 indicator by comparing the O3N2 metallicities of the Green Peas with their direct abundances measured from the [O III] λ4363 line. We find that the O3N2 metallicities are lower than the T e metallicities by 0.06 dex on average, seven of the ten Green Peas agree within 0.1 dex, and only one object disagrees by > 0.2 dex; this object is also the farthest from the extreme selection box in the BPT diagram by a considerable margin. We conclude that for galaxies in this range of parameter space, the O3N2 diagnostic appears to be a reliable indicator of the gas phase oxygen abundance.
The similar metallicities of the extreme galaxies are a consequence of the selection criteria, since each point on the [O III]/Hβ vs. [N II]/Hα diagram directly corresponds to a metallicity determined with the O3N2 indi-cator. In this sense, the extreme sample is metallicityselected. The oxygen abundances of the extreme sample are listed in Table 1 . . Bandto-band corrections for slit losses (based on stars placed on each mask, modeling of the line profiles, comparison of the spectroscopic continuum to broadband photometry, and multiple observations of the same objects) have been applied, but these ratios are subject to larger systematic uncertainties than the ratios of closely spaced lines such as [O III]/Hβ and [N II]/Hα. The median correction is a factor of 2 in all three bands, with a median uncertainty of 6%; all H-and K-band corrections have < 20% uncertainties, as do all but two of the J-band corrections (Q0821-BX102 and Q1700-BX553 have 27% and 28% uncertainties respectively). The slit-loss corrections are discussed in full elsewhere Strom et al. in preparation) . Hβ fluxes are also corrected for underlying absorption by a factor of 1.06.
The Hα/Hβ ratios of the extreme sample and their statistical errors are listed in Table 1 . In contrast to the Green Peas, which lie close to the Case B value 11 with mean and standard deviation Hα/Hβ = 3.07±0.19, the extreme galaxies show considerable variation in Hα/Hβ, with half of the sample having Hα/Hβ > 3.5. We find mean and standard deviation Hα/Hβ = 3.80 ± 1.16, with values ranging from below Case B to a maximum of 7.38. However, we note that the objects with the highest 11 In this work we adopt an intrinsic ratio I(Hα)/I(Hβ) = 2.89, which Steidel et al. (2016, in prep) find is predicted by photoionization models that best reproduce the observed line ratios of a subsample of KBSS galaxies with high quality rest-frame UV and optical spectra.
Hα/Hβ ratios have the largest uncertainties. The reliability of the Balmer decrement measurements will be discussed in detail in a forthcoming paper (Strom et al. 2016, in prep) ; here, we note that Strom et al. find that extinction corrections for galaxies with measurements of the Balmer decrement with less than 10σ significance are less reliable than those with higher S/N. 12 We therefore adopt this threshold in considering whether our Hα/Hβ measurements are robust. Nine of the 14 extreme galaxies have > 10σ Balmer decrement measurements, and we find lower extinction in this more robust subsample, with mean (median) Hα/Hβ= 3.27 (3.18) and standard deviation 0.49. These results suggest that the extreme z ∼ 2 galaxies have a somewhat wider range in nebular line extinction than the Green Peas, but a larger sample with very high S/N Balmer decrement measurements is required in order to confirm and quantify this result.
We ratio is 4.6, while the extreme galaxies with > 10σ Balmer decrements have median 4.9. These values are significantly higher than those of more typical star-forming galaxies at the same redshift; for the parent KBSS sample, Strom et al. (in prep) find median O 32 = 1.7 for galaxies with > 10σ measurements of the Balmer decrement (and median O 32 = 1.4 for the full sample), while Sanders et al. (2015) use a sample of z ∼ 2.3 galaxies from the MOSDEF survey and find median O 32 = 1.3, with a 68% upper bound of 2.3. As expected, the extreme line ratio criteria identify highly ionized galaxies at z ∼ 2.
The extreme galaxies have [O III]/[O II] ratios similar to the Green Peas: the ten galaxies studied by Henry et al. (2015) have median O 32 = 4.9, while the subset that meet the extreme BPT selection criteria have median O 32 = 6.4. The Green Peas are also much more highly ionized than typical galaxies in the local universe; Sanders et al. (2015) due to an overestimate of the extinction. It is also notable that the extreme BPT selection criteria identify the Green Peas with the highest values of O 32 .
We conclude from these nebular line measurements that the extreme selection reliably identifies galaxies with low (∼ 20% of solar) metallicities and ionization states consistently higher than those of more typical z ∼ 2 galaxies. The extreme galaxies also have less dust attenuation at Lyα than more typical z ∼ 2 galaxies; however, there is considerable range in the Hα/Hβ ratio, and a more robust measurement of the variation in extinction requires a larger sample with high S/N measurements of the Balmer decrement. We discuss the nebular emission line properties of the extreme sample further in the context of the Lyα measurements described below.
Lyα PROPERTIES
The Lyα profiles of the 14 extreme galaxies are shown in Figure 3 , from which it is clear that most of the galaxies in the sample show Lyα in emission. The exceptions are the two galaxies Q0821-BX102 and Q0821-BX221, which have weak or no emission. BX221 has the lowest SFR in the sample, though only slightly; otherwise these objects appear similar to the rest of the extreme sample. Among the remaining 12 galaxies with strong emission, the lines show a variety of spectral morphologies: most are strong and relatively symmetric, while a few show multiple components. This diversity is consistent with previous observations of galaxies with strong Lyα emission (e.g. Kulas et al. 2012; Chonis et al. 2013; Erb et al. 2014; Trainor et al. 2015) .
At the moderately low spectral resolution of our observations, Q2343-BX418 (measured with ∼ 300 km s −1 resolution) and Q1700-BX711 (measured with ∼ 500 km s −1 resolution) show double peaks: the red peak is significantly stronger in BX418, while BX711 has a slightly stronger blue peak and may have multiple components of redshifted emission. Q2206-BM64 also shows emission blueward of zero velocity. These objects are not outliers among any of the properties we measure in this work, indicating that the Lyα emission profile depends in part on factors which are not reflected by the nebular line ratios. We will explore this issue further with a detailed analysis of the highest S/N rest-frame UV spectra in the extreme sample, focusing on the interstellar absorption lines as well as on Lyα (Erb et al. in prep) .
We measure Lyα fluxes and equivalent widths following the procedure described by Kornei et al. (2010) , in which each line profile is classified as emission, absorption, combination or noise, the continuum levels on the red and blue sides of the line are determined separately, and the equivalent width is calculated to be the flux in the line divided by the red continuum level. Uncertainties are determined via Monte Carlo simulations in which each spectrum is perturbed 500 times by a random value drawn from a Gaussian distribution with width corresponding to the uncertainty at each pixel. We repeat the flux and equivalent width measurements for each perturbed spectrum, and the medians and standard deviations of these measurements are taken as the flux, equivalent width, and their uncertainties. For the extreme sample, all galaxies are classified as emission, with the exception of Q0821-BX102 which is classified as noise.
The resulting distribution of Lyα rest-frame equivalent widths is shown in Figure 4 , and Lyα measurements are given in Table 2 . The mean (median) Lyα equivalent width of the extreme sample is 39.3 (35.6)Å, and 11 of the 14 galaxies (79%) have W Lyα > 20Å, the nominal threshold to be classified as an LAE, while an additional 
Relative number
Extreme KBSS Green Peas Fig. 4 .-Lyα rest-frame equivalent width distributions for the extreme sample (blue), 522 2.0 ≤ z ≤ 2.6 galaxies from the KBSS parent sample (red), and Green Pea galaxies (green, Henry et al. 2015) . Histograms are normalized to an integral of unity. The extreme and Green Pea samples show similar W Lyα distributions, while the KBSS comparison sample typically shows much weaker Lyα emission.
object has W Lyα = 18.0 ± 2.0Å.
We show two other galaxy samples in Figure 4 for comparison. The dark red histogram shows the Lyα equivalent width distribution of 522 UV-selected KBSS galaxies at 2.0 ≤ z ≤ 2.6 with mean redshift z = 2.28 ± 0.16. These galaxies were selected without regard to their nebular line ratios, and equivalent widths were measured using the same procedure as for the extreme sample, with Lyα spectral morphologies independently classified by three of the authors (DKE, NAR, AES). The mean (median) Lyα equivalent width of this comparison sample is −1.0 (−4.4)Å, and 9% of the galaxies in the sample qualify as LAEs with W Lyα > 20Å. A two sample K-S test indicates that the extreme and KBSS comparison samples are statistically different: the probability that the two samples are drawn from the same equivalent width distribution is P = 8.0 × 10 −8 (5.4σ significance). We also compare the equivalent widths of the Green Pea galaxies (Henry et al. 2015; green histogram) . In contrast to the KBSS sample, the extreme z ∼ 2 galaxies and the Green Peas have similar equivalent width distributions; the mean (median) W Lyα of the Green Peas is 59.6 (44.0)Å, and a K-S test finds that the probability that the extreme z ∼ 2 galaxies and the Green Peas are drawn from the same distribution of equivalent widths is P = 0.59 (0.54σ significance).
Finally, we measure the offset of the centroid of the Lyα emission line 13 from the systemic velocity, finding a 13 Velocity offsets are measured from the flux-weighted centroid of the total Lyα emission in all cases. A forthcoming analysis of objects with higher S/N spectra will address the velocities of mean (median) velocity offset of 186 (208) km s −1 . This offset is typical of LAEs at z ∼ 2, which generally have smaller velocity offsets than continuum-selected galaxies at the same redshifts Shibuya et al. 2014; Erb et al. 2014; Trainor et al. 2015) ; similarly, continuum-selected z ∼ 3 galaxies with strong Lyα emission show smaller velocity differences between the interstellar absorption lines and Lyα than galaxies with lower Lyα equivalent widths (Shapley et al. 2003) .
These comparisons clearly show that galaxy selection via nebular emission line properties can yield a high fraction of objects with strong Lyα emission. Previous studies of small samples of relatively bright LAEs have indicated that galaxies with strong Lyα emission tend to have low metallicities Song et al. 2014) ; we now see that the reverse is also true, reinforcing the connection between the physical conditions in H II regions and the escape of Lyα photons.
Lyα Emission and Extinction
Many studies have shown that galaxies with strong Lyα emission have relatively low extinction, as measured either from their bluer UV slopes or lower Hα/Hβ ratios (e.g. Shapley et al. 2003; Gawiser et al. 2006; Vanzella et al. 2009; Kornei et al. 2010; Pentericci et al. 2010; Guaita et al. 2011; Atek et al. 2014; McLinden et al. 2014; Henry et al. 2015 , cf. Hagen et al. 2016 ). The extreme z ∼ 2 sample shows a range in the Balmer decrement, suggesting some range in internal extinction.
As discussed in Section 3 above, we use the Cardelli Calzetti et al. 2000 extinction law) also indicate lower attenuation at Lyα in the extreme sample relative to the KBSS comparison sample, although the difference is smaller. The extreme objects have median E(B − V ) cont = 0.11, while the comparison sample has median E(B−V ) cont = 0.17. This difference corresponds to a factor of 1.6 lower attenuation at Lyα in the extreme sample.
The Green Pea galaxies, which are similar to the extreme sample in their metallicities and Lyα equivalent widths, have uniformly low extinction, with median Hα/Hβ = 3.07. This is roughly comparable to the > 10σ extreme sample, which has 1.3 times higher median extinction at Lyα; if the full extreme sample is used, we find that the median extinction at Lyα is 2.9 times higher for the extreme galaxies than for the Green Peas. The Hα/Hβ ratios for both the extreme sample and the Green Peas are shown in Figure 2 , plotted against the extinction-corrected [O III]/[O II] ratio. The symbol sizes are scaled by the Lyα equivalent width, from which it is apparent that the strength of Lyα emission is uncorrelated with both the Balmer decrement and O 32 .
We conclude that the lower extinction of the extreme galaxies relative to the KBSS parent sample likely facilitates the escape of Lyα photons, but some of the extreme objects may have both moderate to high extinction and strong Lyα emission. This combination is not surprising: although most galaxies with strong Lyα emission have little dust, Kornei et al. (2010) and Hagen et al. (2014) find LAEs with E(B − V ) up to 0.3 and 0.4 respectively. It is perhaps more unexpected for low metallicity objects with line ratios similar to the Green Peas to show significant extinction, and we await higher S/N measurements of the Balmer decrement to confirm whether this is indeed the case.
The Lyα Escape Fraction
We estimate the fraction of Lyα photons reaching the detector from the Lyα/Hα flux ratio, assuming an intrinsic ratio of Lyα/Hα = 8.7 (Henry et al. 2015; Trainor et al. 2015) and correcting the Hα fluxes for extinction as described in Section 4.1 above. The UV spectra are corrected for slit losses by normalizing to the G-band magnitude; as discussed below, this does not account for additional losses in Lyα due to possible differences in spatial distribution relative to the continuum. The Hα fluxes are also corrected for slit losses, as we describe in Section 3 above. We find that the escape fraction is typically low, with mean and median values of 0.08; the largest value in the sample is 0.27. These escape fractions are listed in Table 2 and plotted vs. Lyα equivalent width in Figure 5 . (2015) also estimate an escape fraction of ∼ 30% for a sample of faint LAEs at z ∼ 2.7. However, in contrast to the current work, all of these studies measure Lyα fluxes from either narrow-band imaging or integral field spectroscopy and are therefore not subject to aperture losses from the spectroscopic slit. A variety of recent results have shown that galaxies at both high and low redshifts are surrounded by diffuse halos of Lyα emission (Steidel et al. 2011; Matsuda et al. 2012; Feldmeier et al. 2013; Hayes et al. 2013; Momose et al. 2014 Momose et al. , 2016 . For UV-selected galaxies comparable to those in the current sample, Steidel et al. (2011) find that spectroscopic Lyα fluxes are ∼ 5 times lower than fluxes measured from narrow-band images on average, and ∼ 3 times lower for LAEs. For a sample of fainter LAEs, Trainor et al. (2015) find a smaller factor of ∼ 2 correction.
We have no way to measure the fraction of Lyα photons which are not captured by the slit for the extreme galaxies, but we can estimate the appropriate correction by considering other galaxy samples. The UVcontinuum-selected LAEs of Steidel et al. (2011) are comparable to the extreme sample in continuum luminosity and strength of Lyα emission, while the LAEs studied by Trainor et al. (2015) occupy the extreme region in the BPT diagram (Trainor et al., in prep) ; these results suggest that a factor of 2-3 correction is likely to be appropriate for the extreme sample.
We can also estimate the size of this correction using the results of Momose et al. (2016) , who measure extended Lyα halos around a large sample of LAEs at z = 2.2. They find that the total Lyα luminosity ranges from ∼ 2-4 times the luminosity within an aperture 1 in radius, and that the fraction in the extended halo depends on both Lyα luminosity and equivalent width, with lower luminosity galaxies with lower equivalent widths having a higher fraction of flux in the halo. Our extreme sample spans nearly the full range in Lyα luminosity and equivalent width considered by Momose et al. (2016) , but comparing our median luminosity and equivalent widths with their results suggest that the factor of 2-3 correction determined above is reasonable. Adjusting our escape fractions by this factor then results in a mean value of 0.16-0.24, somewhat lower than or roughly comparable to other samples of LAEs.
The COS aperture used to measure the Lyα emission of the Green Peas and the 1.2 slit used at z ∼ 2 span similar physical sizes of 8-10 kpc, much larger than the typical sizes of both samples; both the Green Peas and UV-selected z ∼ 2 galaxies with strong Lyα emission have rest-frame UV sizes r 2 kpc (Henry et al. 2015; Law et al. 2012) . However, when aperture corrections are not applied the Lyα escape fractions of the Green Peas are higher than those of the extreme sample, with mean (median) f Lyα esc = 0.24 (0.18) compared to the extreme mean of 0.08. This difference may in part be accounted for by higher extinction at Lyα in the higher redshift sample, given the well-studied correlation between E(B − V ) and Lyα equivalent width (see Section 4.1 above). The z ∼ 2 galaxies may also be subject to larger aperture losses; while only three of the Green Peas have larger aperture Lyα measurements (either from GALEX or from the Lyα Reference Sample, Östlin et al. 2014; Hayes et al. 2014 ) which can be compared with the COS spectra, the COS aperture captures 40-75% of the total flux for these three objects, somewhat larger than the ∼ 30-50% we have estimated for the extreme sample.
While the extreme galaxies have higher aperturecorrected Lyα escape fractions than more typical starforming galaxies at the same redshifts, the typical escape fraction remains relatively low; as in all other galaxy samples studied, the Lyα photons of these relatively low metallicity objects are subject to significant scattering and absorption.
SUMMARY AND DISCUSSION
Motivated by previous observations of strong Lyα emission in low metallicity galaxies at z ∼ 2 Stark et al. 2014) , we study the Lyα properties of a sample of 14 galaxies lying in the upper left corner of the [O III] λ5007/Hβ vs. [N II] λ6584/Hα diagnostic diagram, at the low metallicity/high ionization end of the star-forming sequence (see Figure 1 ). This cut is effectively a metallicity selection, as we use the O3N2 diagnostic to determine oxygen abundances, and the galaxies in this extreme sample have typical metallicities of 12 + log(O/H) ∼ 8.0. The extreme galaxies have median stellar mass 4.0 × 10 9 M , and median dust-corrected Hα star formation rate 27.8 M yr −1 . Their median rest-frame UV absolute magnitude is M UV = −20.66, comparable to M * at z ∼ 2 (−20.70, Reddy & Steidel 2009 ).
The mean (median) rest-frame Lyα equivalent width of this extreme galaxy sample is 39.3 (35.6)Å, and 11 of the 14 objects (79%) are Lyα-emitters (LAEs) with W Lyα > 20Å. This is a much higher LAE fraction than that of a comparable sample of 522 star-forming galaxies at 2.0 < z < 2.6 selected without regard to their nebular line ratios. This comparison sample has mean (median) Lyα equivalent width −1.0 (−4.4)Å, and 9% of the comparison galaxies qualify as LAEs. Although the Lyα equivalent width distribution of the extreme galaxies is quite different than that of more typical star-forming galaxies at z ∼ 2, it is similar to that of the local Green Pea galaxies, z ∼ 0.2 galaxies from the Sloan Digital Sky Survey selected to have very high equivalent width [O III] emission. The Lyα profiles are shown in Figure  3 , and the equivalent width distributions of the extreme galaxies and comparison samples are shown in Figure 4 . The galaxies in the extreme sample show a range in nebular extinction as estimated from the Hα/Hβ ratio (see Figure 2) . The median attenuation at Lyα is 1.9 times lower than that of the KBSS parent sample, and 4.3 times lower if only the objects with the most robust measurements of the Balmer decrement are considered. This difference in extinction undoubtedly aids the escape of Lyα photons in the extreme galaxies, but the range in Hα/Hβ ratios suggests that moderate extinction is not a barrier to strong Lyα emission. This result is not surprising, as some LAEs are known to be dusty (Kornei et al. 2010; Hagen et al. 2014) , although it may be more unexpected for low metallicity objects with line ratios similar to the nearly dust-free Green Peas to show significant extinction. Future higher S/N measurements of the Balmer decrement will determine whether or not this is indeed the case.
The median oxygen abundance of the extreme galaxies is ∼ 50% lower than that of the parent sample, and this may also facilitate the escape of Lyα photons, as the harder ionizing spectrum and higher ionization parameter associated with strong, low metallicity star formation may reduce the covering fraction or column density of neutral hydrogen (e.g. Nakajima et al. 2013; Shibuya et al. 2014; Erb et al. 2014; Henry et al. 2015; Trainor et al. 2015) . We will explore this question further with a detailed analysis of the interstellar absorption lines and Lyα profile structure of the extreme galaxies with high S/N rest-frame UV spectra (Erb et al. in prep) .
The high fraction of LAEs in the extreme galaxy sample indicates that the use of nebular emission line ratios can be an effective technique for identifying samples of galaxies which are likely to have strong Lyα emission. This method may be particularly useful at redshifts at which Lyα is not otherwise accessible; in particular, future observations of nebular emission line ratios at z 6 with JWST may allow the identification of galaxies that are likely to have a sufficiently low column density or covering fraction of neutral hydrogen to permit the escape of Lyα photons (and, potentially, Lyman continuum radiation as well), even if the opacity of the intergalactic medium prevents observation of the Lyα emission directly.
We expect that studies of larger samples of galaxies with extreme line ratios at a range of redshifts will clarify the relationships between the physical conditions in H II regions and the properties that ease the escape of Lyα and LyC radiation; such an improved understanding will be required in order to fully explain the sources of the photons which reionized the universe.
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